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308 andAbstract Acoustic parameters are useful to understand the effect of temperature on the interac-
tions of lactose in mixed solvent of (DMF–H2O). Density (q), viscosity (g), sound speed (u) and
refractive index (nD) of lactose with mixed solvent of N,N-dimethylformamide-water or (DMF–
H2O) from 0.1050 to 1.045 m at different temperatures have been determined using bicapillary pyc-
nometer, Ostwald’s viscometer, Abbe’s refractometer and single frequency ultrasonic interferometer
at 2 MHz frequency respectively. The derived parameters like apparent molal volume (/v), free vol-
ume (Vf), intermolecular free length (Lf), acoustic relaxation time (s), Gibb’s free energy (DG), inter-
nal pressure (pi), Rao’s constant (Rm), Wada’s constant (W), adiabatic compressibility (b), acoustic
impedance (Z), absorption coefﬁcient (a/f2) and molar refractivity (RD) have been determined from
experimental data. All the measurements have been carried out in a refrigerated water bath with
circulating medium having an uncertainty of ±0.1 C. Positive values of the Jones–Dole coefﬁcient
(B) indicate structure making tendency. The solute–solvent interactions are stronger at all the
temperatures taken for the study.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Carbohydrates (Syal et al., 1998) are themain key ingredients of
the entire living organism in energy production and also play a
crucial role in the synthesis of glycoproteins. The present study52670366.
ail.com (R. Mehra), brijma-
Saud University.
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318 K. Arabian Journal of Chdeals with lactose sugar in the mixed solvent of DMF–H2O at
different temperatures, although some work has been reported
on sugars like glucose and sucrose in aqueous D-glucose and
dextran solution by some researchers (Ali et al., 2006a; Samant
and Ray, 2010). Some other properties like conductivity of
cross-linked thorium (IV)-alginate complex is also investigated
by (Zaafarany et al., 2009). Hence in order to investigate the
interaction of lactose in a mixed solvent of N,N-dimethylform-
amide–H2O at 298, 308 and 318 K, studies have been carried out
and results are reported herein. The use ofmixed solvents has at-
tained great attention in recent years in the study of molecular
interactions of biomolecules. In continuation to our work, the
present study provides valuable information about solute–sol-
ute, solute–cosolvent interactions. These interactions are usefuling Saud University.
ic, volumetric and viscometric studies of lactose in mixed sol-
emistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.07.018
Abbreviation
Symbols Properties
q Density
g Viscosity
u Speed of sound
nD Refractive index
b Adiabatic compressibility
Lf Free length
Z Acoustic impedance
a/f2 Absorption coefﬁcient
DG Gibbs free energy
RD Molar refractivity
Vf Free volume
pi Internal pressure
Rm Rao’s constant
W Wada’s constant
s Acoustic relaxation time
/v Apparent molal volume
/K Apparent molal volume
T/K Temperature
KT Jacobson constant
k Boltzmann’s constant
2 R. Mehra, B.B. Malavto understand the various biochemical processes of human
metabolism. The inﬂuence of temperature on the interactions
has also been determined.
2. Experimental
N,N-dimethylformamide and lactose were obtained from
Himedia Chemicals Ltd of AR grade with purity better than
99 percent. The Doubly distilled water was used to prepare
solution. The mixed solvent of DMF–H2O has been prepared
using DMF and water in 1:1 (v/v) solution. Eleven sets of solu-
tion from 0.1050 to 1.045 m concentration were prepared and
used on the same day. The viscosity of the solution was deter-
mined using pre calibrated Ostwald’s viscometer (Mehra et al.,
2010) having uncertainty within the order of ±0.067%. The
viscosity measurements are based on the measurement of ﬂow
time of the solutions taken for the investigation with an uncer-
tainty up to ±0.01 s. The density measurement has been done
using a bicapillary pycnometer (Mehra and Gaur, 2008) with
an uncertainty of ±0.06%. Sound speeds of solutions were
measured using an ultrasonic interferometer (Misra et al.,
1997) (Model F-81) with single frequency of 2 MHz having
uncertainty within the order of ±0.056%. Refractive index
has been measured using Abbe’s refractometer (Ali et al.,
2006b) with an uncertainty of ±0.062%. All the instruments
and apparatus were calibrated with standard liquids like ben-
zene, cyclohexane, N,N-dimethylformamide, n-hexane and
water before taking measurements. The temperature is main-
tained constant within ±0.1 C by the thermostatically con-
trolled refrigerated water bath with circulating water around
the cell. The weighing was done using the Denver balance with
an uncertainty of ±0.1 mg.
3. Results and discussion
The values of density (q), viscosity (g), sound speed (u) and
refractive index (nD) increase with an increase in the concentra-
tion of lactose in DMF–H2O. The increase in density and
sound speed may be due to the cohesive forces and thus molec-
ular association is responsible for the observed values. The vis-
cosity values increase with rise in concentration due to the
increase of solute–solvent interactions while decrease with rise
in temperature may be due to the increase in the movement of
molecules and ions present in the solutions, which decrease sol-Please cite this article in press as: Mehra, R., Malav, B.B. Ultraso
vent of DMF–H2O at 298, 308 and 318 K. Arabian Journal of Chute–solvent interactions (Parmar et al., 2002). The experimen-
tal values of density (q), viscosity (g), sound speed (u),
refractive index (nD) derived parameters adiabatic compress-
ibility (b), apparent molal volume (/v) of lactose in DMF–
H2O are given in Table 1.
The apparent molar volume of lactose in a mixed solvent of
DMF–H2O has been determined using the following equation.
uv ¼
1000ðq0  qÞ
Cqq0
þM
q0
ð1Þ
where q and q0 are the density of solution and solvent respec-
tively, C is the concentration and M is molar mass of solute.
The plots of /V and C
1/2 are linear. This linear variation of
/V with concentration is in keeping with Masson’s equation.
/v ¼ u0v þ Sv
p
C ð2Þ
where limiting partial molar volume u0v and Sv were obtained
from the intercepts of a linear plot of uv vs.
p
C using the least
square method.
The positive values of /v indicate stronger solute–solvent
interactions. The /v values decrease with an increase in the
concentration of solute due to the electrostriction effect. The
positive values of u0v indicate the presence of strong solute–sol-
vent interactions. The negative values of Sv suggest weak sol-
ute–solute interactions. Solute–solvent interaction shows an
increase while solute–solute interactions decrease with a rise
in the temperature.
Adiabatic compressibility (b) is given by the relation;
b ¼ 1
u2q
ð3Þ
The values of adiabatic compressibility (b) decrease with con-
centration due to the inﬂuence of surrounding water molecules
leading to an increase in the total internal pressure and thus
solution becomes harder to compress. The decrease in the val-
ues of b with a rise in the concentration suggests the signiﬁcant
structural rearrangement in neighbouring atmosphere of the
ion. As the temperature increases the system becomes less com-
pressible due to the structural changes of water (Patil et al.,
1997).
Apparent Molal Compressibility (/k) has been calculated
using the relation as:
uk ¼
1000ðq0b qb0Þ
Cqq0
þ b0M
q0
ð4Þnic, volumetric and viscometric studies of lactose in mixed sol-
emistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.07.018
Table 1 Experimental data (q, g, u, nD) and derived parameters (b, /v) for lactose + (DMF–H2O) system at 298, 308 and 318 K.
C/(mol kg1) q/(kg m3) u/(m s1) g/(103 Nm2 s) nD b/(10
10 m2 N1) /v/(10
6 m3 mol1)
298 K
0 998.1 1689.6 2.4625 1.3968 3.5096 –
0.0105 999.7 1690.0 2.4797 1.3975 3.5023 208.3649
0.0209 1001.4 1690.8 2.4972 1.3978 3.4931 202.1936
0.0315 1003.1 1692.0 2.5156 1.3982 3.4822 200.7145
0.0419 1004.9 1693.2 2.5334 1.3989 3.4710 196.8814
0.0525 1006.7 1695.6 2.5513 1.3996 3.4550 194.9732
0.0630 1008.5 1698.0 2.5701 1.4000 3.4391 193.3341
0.0734 1010.3 1700.0 2.5880 1.4005 3.4249 191.8449
0.0839 1012.1 1703.0 2.6051 1.4009 3.4068 190.8416
0.0944 1014.0 1705.2 2.6252 1.4014 3.3924 188.9236
0.1049 1015.9 1708.0 2.6427 1.4018 3.3742 187.4838
308 K
0 980.2 1657.2 1.7930 1.3949 3.7148 –
0.0105 981.2 1658.0 1.8131 1.3954 3.7074 268.0040
0.0209 982.3 1659.6 1.8335 1.3960 3.6961 262.3556
0.0315 983.4 1661.2 1.8540 1.3966 3.6849 260.8113
0.0419 984.6 1663.4 1.8746 1.3969 3.6707 257.0453
0.0525 985.8 1665.4 1.8953 1.3972 3.6574 255.0200
0.0630 987.0 1667.6 1.9161 1.3975 3.6433 253.3973
0.0734 988.3 1670.0 1.9370 1.3978 3.6281 250.5683
0.0839 989.5 1672.8 1.9579 1.3981 3.6116 249.7571
0.0944 990.8 1675.6 1.9789 1.3984 3.5948 247.9447
0.1049 992.1 1678.8 2.0018 1.3986 3.5764 246.5450
318 K
0 973.1 1624.0 1.4043 1.3942 3.8965 –
0.0105 974.1 1624.4 1.4207 1.3944 3.8905 269.2289
0.0209 975.2 1626.0 1.4372 1.3946 3.8785 263.4987
0.0315 976.3 1628.4 1.4538 1.3948 3.8627 261.9327
0.0419 977.5 1630.8 1.4705 1.3950 3.8466 258.1127
0.0525 978.7 1633.6 1.4873 1.3954 3.8288 256.0587
0.0630 979.9 1636.8 1.5041 1.3957 3.8091 254.4134
0.0734 981.1 1639.6 1.5209 1.3958 3.7915 252.9969
0.0839 982.4 1643.2 1.5379 1.3960 3.7699 250.7223
0.0944 983.7 1646.0 1.555 1.3964 3.7521 248.8846
0.1049 985.1 1649.2 1.5722 1.3966 3.7323 246.4471
Ultrasonic, volumetric and viscometric studies of lactose in mixed solvent of DMF–H2O at 298, 308 and 318 K 3where b, bo, q and q0 are the adiabatic compressibility and
density of solution and solvent respectively. M is the molar
mass of solute.
/k ¼ /ok þ Sk
p
C ð5Þ
/k is the linear function of concentration and gives values of
partial molar compressibility /0k and experimental slope Sk.
The negative values of limiting apparent molal compress-
ibility u0k show weak solute–solvent interactions and increase
with a rise in the temperature from 298 to 318 K. When solute
is added in the solvent structural changes occur in the solvent
and exhibit solute–solvent interaction in solution. The magni-
tude of compressibility depends upon electrostriction. The neg-
ative values indicate hydrophobic interactions and loss of
structural compressibility due to increased population of H-
bonded water molecules. The negative values of Sk indicate
weak solute–solute interactions which decrease with a rise in
the temperature.
Viscosity data were analysed using the Jones–Dole equa-
tion (Jones and Dole, 1929):
g
g0
¼ grel ¼ 1þ A
ﬃﬃﬃﬃ
C
p
þ BC ð6ÞPlease cite this article in press as: Mehra, R., Malav, B.B. Ultrason
vent of DMF–H2O at 298, 308 and 318 K. Arabian Journal of Chwhere g and g0 are the viscosities of solution and solvent
respectively, A is the Falkenhagen coefﬁcient and B is the
Jones–Doles coefﬁcient
Values of limiting apparent molal volume (u0v), experimen-
tal slope (Sv), limiting apparent molal compressibility (u0k),
experimental slope (SK), Jones–Dole coefﬁcient (B) and Fal-
kenhagen coefﬁcient (A) are given in Table 2.
The Falkenhagen coefﬁcient (A) values are the measure of
solute–solute interactions. A negative value of coefﬁcient-A
indicates weak solute–solute interactions in the system.
Jones–Dole coefﬁcient -B is highly sensitive to the nature of
solute–solvent interactions. Positive values of Jones–Dole coef-
ﬁcient at all the temperature suggest structure making ten-
dency of solute.
The values of derived acoustic parameters such as apparent
molal compressibility (/K), acoustic impedance (Z), intermo-
lecular free length (Lf), free volume (Vf), internal pressure
(pi) and hydration number (nH) for lactose + (DMF–H2O)
system at 298, 308 and 318 K are given in Table 2.
Speciﬁc Acoustic Impedance (Z) is the product of density
(q) and sound speed (u) and can be estimated as:
Z ¼ uq ð7Þic, volumetric and viscometric studies of lactose in mixed sol-
emistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.07.018
Table 2 Derived parameters (/k, Z, Lf, Vf, pi, nH) for lactose + (DMF–H2O) system at 298, 308 and 318 K.
C/(mol kg1) /K/(10
11 m2 N1) Z/(106 Kg m2 s1) Lf/(A
0) Vf/(10
8 m3 mol1) pi/(10
9 Pa) nH
298 K
0 – 1.6864 0.3852 1.0441 2.3558 –
0.0105 1.2290 1.6895 0.3848 1.0388 2.3571 6.8395
0.0209 1.3429 1.6932 0.3843 1.0338 2.3584 7.7692
0.0315 1.4235 1.6972 0.3837 1.0286 2.3598 8.5839
0.0419 1.4823 1.7015 0.3831 1.0239 2.3610 9.0614
0.0525 1.6033 1.7070 0.3822 1.0203 2.3615 10.2588
0.0630 1.6835 1.7124 0.3813 1.0163 2.3623 11.0416
0.0734 1.7191 1.7175 0.3805 1.0124 2.3630 11.3713
0.0839 1.7891 1.7236 0.3795 1.0100 2.3625 12.0798
0.0944 1.8068 1.7289 0.3787 1.0050 2.3643 12.2372
0.1049 1.8548 1.7352 0.3777 1.0025 2.3641 12.7272
308 K
0  1.6244 0.4035 1.6325 2.0727 
0.0105 1.0825 1.6268 0.4031 1.6145 2.0772 6.5423
0.0209 1.2950 1.6302 0.4025 1.5979 2.0813 8.2842
0.0315 1.3566 1.6336 0.4019 1.5816 2.0854 8.8513
0.0419 1.4723 1.6378 0.4011 1.5663 2.0892 9.7958
0.0525 1.5176 1.6418 0.4004 1.5511 2.0932 10.1935
0.0630 1.5624 1.6459 0.3996 1.5365 2.0969 10.5786
0.0734 1.6172 1.6505 0.3988 1.5223 2.1007 11.0014
0.0839 1.6667 1.6552 0.3979 1.5092 2.1039 11.4603
0.0944 1.7113 1.6602 0.3970 1.4961 2.1074 11.8431
0.1049 -1.7602 1.6655 0.3960 1.4819 2.1114 12.2915
318 K
0 – 1.5803 0.4207 2.2847 1.9039 –
0.0105 0.9695 1.5823 0.4204 2.2574 1.9086 5.0100
0.0209 1.2918 1.5857 0.4197 2.2329 1.9128 7.5993
0.0315 1.5135 1.5898 0.4189 2.2106 1.9164 9.5204
0.0419 1.6451 1.5941 0.4180 2.1886 1.9202 10.5461
0.0525 1.7525 1.5988 0.4170 2.1678 1.9237 11.4640
0.0630 1.8542 1.6039 0.4160 2.1484 1.9268 12.3231
0.0734 1.9010 1.6086 0.4150 2.1286 1.9302 12.6967
0.0839 1.9858 1.6143 0.4138 2.1105 1.9332 13.3947
0.0944 2.0100 1.6192 0.4128 2.0913 1.9367 13.5792
0.1049 2.0506 1.6246 0.4117 2.0730 1.9400 13.9028
4 R. Mehra, B.B. MalavAcoustic impedance increases with increasing the concentra-
tion of solute and temperature indicating that molecular inter-
actions are associative in the nature (Pandey et al., 2005).
Acoustic impedance is the complex ratio of effective sound
pressure at a point to the effective particle velocity at that
point.
Intermolecular free length (Lf) is obtained using the
equation:
Lf ¼ KT
ﬃﬃﬃ
b
p
ð8Þ
where KT is the Jacobson constant and it is temperature depen-
dence constant and is given by (KT = 93.875 + 0.375T) · 108
The intermolecular free length decreases with an increase in
the solute concentration indicating that there is a signiﬁcant
interaction between solute and solvent molecules, suggesting
a structure promoting behaviour on the addition of solute
and these results are also supported by the viscosity data. As
the temperature increases it leads to the less ordered structure
and more spacing between the molecules due to an increase in
the thermal energy of the system, which causes an increase in
volume expansion and hence, increase in intermolecular free
length (Reddy and Reddy, 2000).Please cite this article in press as: Mehra, R., Malav, B.B. Ultraso
vent of DMF–H2O at 298, 308 and 318 K. Arabian Journal of ChFree volume calculated from sound speed (u) and viscosity
(g) of solutions using Suryanarayana relation;
Vf ¼ Meffu
Kg
 3=2
ð9Þ
Free volume (Dhanalakshmi and Rani, 2000) is an effective
volume in which the core molecules can move inside the solu-
tion due to the repulsion of neighbour molecules. The decrease
in free volume with a rise in the concentration and an increase
in the temperature also conﬁrm the ion–solvent interactions.
Internal pressure has been calculated by using the physical
properties like density, viscosity and sound speed from the free
volume concept on the basis of statistical thermodynamics as
given by (Suryanarayana and Kuppusami, 1976);
pi ¼ bRT Kg
u
 1
2 q2=3
M
7=6
eff
ð10Þ
where b is the space packing factor generally 2 for liquids, R is
the gas constant, T is absolute temperature and K is a constant
equal to 4.28 · 109, independent of temperature for all types of
liquids. Meff is the effective molecular weight.nic, volumetric and viscometric studies of lactose in mixed sol-
emistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.07.018
Table 3 Derived parameters (Rm, RA, W, s, a/f
2, RD, DG) for lactose + (DMF–H2O) system at 298, 308 and 318 K.
C/(mol kg1) Rm/(10
4 m5 N‘1) RA W/(10
4 m4 S1) s/(1012 S) (a/f2)/(1015) RD/(10
6 m3 mol1) DG/(1021 J mol1)
298 K
0 3.5560 – 6.6944 1.1523 1.3473 7.1866 8.0907
0.0105 3.5624 1.0015 6.7079 1.1580 1.3536 7.2103 8.1107
0.0209 3.5687 1.0031 6.7213 1.1631 1.3589 7.2267 8.1287
0.0315 3.5753 1.0045 6.7351 1.1680 1.3637 7.2448 8.1461
0.0419 3.5815 1.0061 6.7483 1.1725 1.3680 7.2669 8.1619
0.0525 3.5885 1.0074 6.7627 1.1753 1.3693 7.2890 8.1718
0.0630 3.5955 1.0088 6.7772 1.1785 1.3711 7.3062 8.1830
0.0734 3.6022 1.0102 6.7912 1.1818 1.3734 7.3250 8.1946
0.0839 3.6096 1.0114 6.8062 1.1834 1.3727 7.3422 8.1999
0.0944 3.6159 1.0129 6.8195 1.1875 1.3759 7.3601 8.2141
0.1049 3.6228 1.0142 6.8339 1.1889 1.3751 7.3765 8.2192
308 K
0 3.5976 – 6.7615 0.8881 1.0586 7.2868 7.3952
0.0105 3.6065 1.0009 6.7791 0.8963 1.0679 7.3118 7.4344
0.0209 3.6156 1.0017 6.7969 0.9036 1.0756 7.3377 7.4690
0.0315 3.6247 1.0025 6.8147 0.9109 1.0832 7.3636 7.5031
0.0419 3.6338 1.0032 6.8326 0.9175 1.0896 7.3838 7.5338
0.0525 3.6427 1.0041 6.8502 0.9243 1.0964 7.4039 7.5651
0.0630 3.6518 1.0048 6.8680 0.9308 1.1026 7.4241 7.5949
0.0734 3.6606 1.0057 6.8854 0.9370 1.1085 7.4434 7.6233
0.0839 3.6701 1.0063 6.9039 0.9428 1.1134 7.4635 7.6494
0.0944 3.6791 1.0071 6.9217 0.9485 1.1183 7.4827 7.6750
0.1049 3.6885 1.0078 6.9399 0.9545 1.1233 7.5003 7.7021
318 K
0 3.5995 – 6.7646 0.7296 0.8875 7.3285 6.9129
0.0105 3.6081 1.0009 6.7816 0.7370 0.8963 7.3486 6.9571
0.0209 3.6172 1.0017 6.7995 0.7432 0.9030 7.3680 6.9943
0.0315 3.6268 1.0024 6.8182 0.7487 0.9083 7.3874 7.0267
0.0419 3.6361 1.0031 6.8364 0.7542 0.9136 7.4059 7.0586
0.0525 3.6456 1.0038 6.8549 0.7593 0.9182 7.4277 7.0879
0.0630 3.6555 1.0044 6.8739 0.7639 0.9220 7.4479 7.1146
0.0734 3.6650 1.0050 6.8924 0.7689 0.9264 7.4647 7.1431
0.0839 3.6747 1.0056 6.9113 0.7730 0.9294 7.4823 7.1668
0.0944 3.6837 1.0064 6.9291 0.7779 0.9336 7.5032 7.1944
0.1049 3.6927 1.0071 6.9468 0.7824 0.9372 7.5200 7.2195
Ultrasonic, volumetric and viscometric studies of lactose in mixed solvent of DMF–H2O at 298, 308 and 318 K 5Internal pressure decreases with a rise in the temperature
because of the thermal agitation of ions from each other due
to increasing thermal energy, which reduces the possibility
for interactions and reduces the cohesive forces and ultimately
leads to a decrease in the internal pressure.
Intermolecular forces deﬁne the property of solution and
presence of attractive and repulsive forces. The attractive
forces depend on the distance between the centres of attrac-
tion of molecules, while the repulsive forces depend on the
distances between the surfaces of molecules. The internal
pressure is a net force of electrostatic, hydrophobic, hydro-
philic, dipole, dispersion and repulsion between the mole-
cules (Rajendran, 1994). Internal pressure is the important
parameter that gives signiﬁcant information about structural
changes in solution. Internal pressure decreases with a rise in
the temperature because of the thermal agitation of ions
from each other due to increasing thermal energy, which re-
duces the possibility for interactions and reduces the cohe-
sive forces and ultimately leads to a decrease in the
internal pressure.
Hydration number (nH) was calculated by the following
relation:Please cite this article in press as: Mehra, R., Malav, B.B. Ultrason
vent of DMF–H2O at 298, 308 and 318 K. Arabian Journal of ChnH ¼ n1
n2
1 b
b0
 
ð11Þ
where n1 and n2 are the number of moles of mixed solvent and
lactose presenting the solution respectively, b and b0 are the
adiabatic compressibility of the solution and solvent
respectively.
The hydration number is the number of water molecules
rigidly bound to the ions. The positive values of hydration
number (Palani, 2008; Zavitas, 2005) reveal that there is a sig-
niﬁcant interaction between solute and solvent molecules due
to which structural arrangement in the surrounding is affected.
In the present case, hydration number increases with concen-
tration. Lactose molecules interact with water and DMF mol-
ecules from -OH groups. It suggests that hydration sphere of
solute–solvent interaction is more intensive than solvent–sol-
vent interactions.
The derived parameters Rao’s constant (Rm), relative asso-
ciation (RA), Wada’s constant (W), acoustic relaxation time
(s), absorption coefﬁcient (a/f2), molar refractivity (RD) and
Gibbs free energy (DG) are given in Table 3.
Rao’s constant can be calculated using the following
relation:ic, volumetric and viscometric studies of lactose in mixed sol-
emistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.07.018
Table 4 Limiting apparent molal volume ð/0vÞ, experimental
slope (Sv), limiting apparent molal compressibility ð/0kÞ, exper-
imental slope (Sk), Jones–Dole coefﬁcient (A) and Falkenhagen
coefﬁcient (B) of lactose- DMF–H2O system at 298, 308 and
318 K.
Parameters 298 K 308 K 318 K
u0v /(10
6 m3 mol1) 216.1911 277.0220 278.5931
Sv/(10
6 m3 lt1/2 mol3/2) 89.6781 95.0738 97.1871
u0K/(10
10 m2 N1) 0.9176 0.8456 0.6083
SK/(10
10 N1 m1 mol1) 2.9368 2.8618 4.7329
A/(dm3/2 mol1/2) 0.5450 0.5870 0.4780
B/(dm3 mol1) 0.7133 1.1183 1.1501
6 R. Mehra, B.B. MalavRm ¼Mq ðuÞ
1=3 ð12Þ
Wada’s constant (W) can be calculated using the following
equation:
W ¼Meff
q
b
1
7 ð13Þ
Rao’s constant or molar sound velocity shows an increase with
increase in concentration and temperature. The increasing
trends of molar sound velocity and Wada’s constant or molar
compressibility (Mehra and Sajnani, 2000) with concentration
suggest the availability of more number of components in a gi-
ven region thus leading to a close packing of the medium there-
by increasing the interactions.
Relative association (RA) can be determined as:
RA ¼ qq0
 
u0
u
 1=3
ð14Þ
Relative association (RA) values increase with concentration of
lactose in the DMF–H2O mixed solvent system. The relative
association depends on the solvation of solute molecules and
breaking up of the solvent structure by the addition of lactose.
The increase of RA with concentration suggests that solvation
of solutes is effective over the breaking of the solvent struc-
tures (Agrawal and Narwade, 2003).
Acoustic relaxation time is obtained using the relation:
s ¼ 4g
3qu2
 
ð15Þ
The increase in acoustic relaxation time with concentration of
solute suggest interactions among the components of solution:
a ¼ x
2s
2u
where x ¼ 2pf
a
f2
¼ 4p
2s
2u
ð16Þ
where s is acoustic relaxation time, p is a constant (22/7), f is
frequency and u is speed of sound. The values of absorption
coefﬁcient decrease with a rise in the temperature and increases
with increase in the concentration also indicate that interaction
decreases with temperature but increases with a rise in the con-
centration (Ray et al., 2000)
The molar refractivity (RD) (Ali et al., 2006c) of the mixture
can be calculated from the values of refractive indices (nD) by
using the Lorentz–Lorentz equation.
RD ¼ n
2
D  1
n2D þ 2
  X xiMi
q
 
ð17Þ
where xi is the mole fraction andMi is the molecular weight of
the ith component of mixture. Gibbs free energy is calculated
from acoustic relaxation time (s) following Eyring rate process
theory:
DG ¼ RT ln kTs
h
 
ð18Þ
where R is the gas constant, k is the Boltzmann’s constant
(1.23 · 1023 J K1), T is absolute temperature, h is Planck’s
constant 6.62 · 1034 Js and s is the relaxation time. The
Gibb’s free energy reveals closer packing of the molecules
due to the H-bonding of unlike molecules in the solutions.Please cite this article in press as: Mehra, R., Malav, B.B. Ultraso
vent of DMF–H2O at 298, 308 and 318 K. Arabian Journal of ChThe Gibb’s free energy (DG) decreases with temperature rise
suggesting that less time is required for the cooperative process
or the rearrangement of molecules in the solution decreases the
energy leading to dissociation (Kannappan and Palani, 2007)
(see Table 4).
4. Conclusion
 Structure making tendency of lactose is observed in the
mixed DMF–H2O system.
 Stronger solute–solvent interactions are present may be due
to the formation of hydrogen bonds among the unlike mol-
ecules viz. amide group of N,N-dimethylformamide, water
molecules, and –OH group of lactose sugars.
 As the temperature increases more and more solute mole-
cules come closer to the solvent molecules due to the
increased kinetic energy and hence solute–solvent interac-
tions increase.
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